Abstract-Sensor deployment in the field of sports is providing enormous potential for elevating the playing field standards. This paper presents an enhanced localization algorithm which harnesses the dynamic and reconfiguration attributes of field hockey players on a strategy board; known as the Wireless Field Hockey Strategy System (WiHoc Ver1.0). The proposed algorithm utilized for determining the location of field hockey players overcomes the constraints and confined anchor based WiHoc Ver 1.0. The resolution encompasses the new versatile platform which captures the positional location within the parameters of a hockey pitch and of cooperative nodes to determine the optimal location of anchor positioning to ensure that the achieved accuracy of localization is enhanced. The proposed algorithm was evaluated extensively through discreteevent simulations. The acquired results via the accuracy performance metrics validated the enhanced ability of the proposed algorithm.
INTRODUCTION
The rapid growth of technology advances of sensor hardware and the accompanying extensive research of Wireless Sensor Networks (WSN) provides enormous potential for multitudes of applications to emerge [1] .
Sensor based applications have ranged from indoor positioning to tracking of high velocity objects. Global Position System (GPS) is a prevailing localization technique but its constraints are in penetrating indoor domains. This constraint has fueled the emergence of indoor localization sensors such as the Mica2. The growth in sensor networks have been tremendous and have strongly penetrated the sports domain such as tennis [2] , baseball [3] , rowing [4] , swimming [4] , netball [5] and wheelchair basketball [5] .
Sensors have been developed to monitor and improve athlete's performances in their respective sports. Monitoring for Swimming and Rowing applications have been developed using Micro Electromechanical Systems (MEMS) based on accelerometers that help in performance assessment throughout an entire training course. Subsequently, improving the performance of athletes at national and international competitions [4] . This platform for sensor data collection includes stand alone high speed sampling and storage of multiple accelerometer data. In addition, the devices are able to be distributed to all athletes for use in training sessions. A tracking system which is based on radio-interferometry that provides high accuracy, long range and low-power operation while working cooperatively has been introduced in [5] . The system deploys a set of nodes placed at strategic locations to track a moving mobile sensor. A set of sensors called the XSM motes by Crossbow is used in the experiments. In the experiments, target speed and measurements errors are analyzed and compared to observe its effect on the accuracy of computed locations. Evaluations of the system were executed through both simulations and field test. In Baseball, a system that measures signals which indicate forces, torques and other information that has impact on the human body due to high intensity activities ( athletic performance activity) are introduce [2] . Executions of the experiment are done without the need of standard optical tracking system which include complex fixed infrastructure. Instead, this system implement a self-contained wireless data acquisition studio using sensor such as 6 degree-of freedom inertial measurement units, low and high range sensors for slow and fast motion and compass that helps in tracking joint angles. A new localization system called Wireless Ad-hoc System for Positioning (WASP) that can be used for indoors with better accuracy as compared to GPS [1] . The installation of this system is hassle free without the need of any cabling. This system allow both coaches and sports scientist to collect useful information in netball and wheelchair basket ball which are useful for improving training of sports athlete. Table 1 provides a summary of the main taxanomy for the reviewed WSN sports applications.
The above deployments clearly advocate the benefit of sensors in sports. Field hockey is a sport which dynamic are rapid and constant for the entire seventy minutes of the game. All players are moving and the target is to obtain possession of the six pound ball. The sport has transcended many dimensions of sports technology inheritance. Among the pertinent software used in field hockey are for the purpose of video analysis software, biomechanics and tournament management (i.e. tournament forms, team entry forms and match results). An area which still has much potential for research in technology integration for field hockey is for team analysis or strategic planning. Thus, field hockey is indeed among the pertinent area for wireless application that can exploit sensors. This paper presents an enhanced WSN application for field hockey analysis which integrates the localization concepts in WSN and the analysis of field hockey players.
This paper is presented in the following order. Section II presents a detail discussion on the developed WiHoc Ver1.0 [6] system and the respective proposed solution for the integration of layouts as a localization mechanism. The respective results and discussions is the addressed in the next section and the paper is concluded by the conclusions and future work sections.
II. WIHOC VER 1.0
In many sports, each player attaches a wearable sensor mote to their body during practice or match. Then the players' movements are captured and stored in a central system. The central system will produce an analyses based on the movements made by the players which gives useful information to the coach or team management. Example of application in sport that makes use of sensor networks is WiHoc ver.1.0 [6] .
WiHoc ver.1.0 is a prototype which is intended to substitute the conventional magnetic strategic board that is currently used by coaches to show the strategies to the players. The conventional magnetic strategic board has very limited capability as the coaches can only show the conceptual strategies without any statistical figures to support it. WiHoc ver.1.0 on the other hand is designed to help the coach to show the strategies to the player with the support of graphic and statistical figures
The conventional strategy board is composed of bi-colour magnet set-pieces used to represent the players and opponents, and a metal plate represents the physical field. The limitation of conventional magnetic strategic board is that it is unable to provide a real-time computation on the deviation of the intended predetermined movement as oppose to the multiple options which relate to a movement [8] .
The WiHoc ver.1.0 was developed by using Cricket mote. The unique feature of Cricket mote is the capability of constructing a network layout and localizes cooperative sensors without any predefined or existing coordinate system. One of most prominent and significant characteristic of Cricket mote is that it provides accuracy of about three to five centimetres. Because of this distinctive characteristic it is suitable for small area applications such as WiHoc Ver.1.0.
Although Cricket motes are used in [7, 8] , they do not take the advantage of Cricket motes' ability that is able to construct an anchor-free system. As discussed before, anchor-base needs the aid of GPS system or in their case need to deploy the anchor nodes manually which require high precision during deployment and takes time.
The effort to make WiHoc ver.1.0 a more feasible and practical application would involve making it an anchor-free localization system. This would eventually eliminate the time and effort to ensure the precision of fixed anchor nodes' deployment. The next section explains the correlation between localization and WiHOC.
III. WSN LOCALIZATION AND WIHOC
Localization is highly subject to the respective applications' attributes. The field hockey sport encompasses eleven (11) players on each team, within a pitch of 50 yards (width) against 100 yards (length).
In modern field hockey, the player mobility is highly dynamic and is subject to the strategy imposed mainly by the coach. In correlating this to the fundamental theory of localization in WSN, the sensor nodes reflect the players and their respective locations in focused on the field. In an actual test-bed, mechanisms to obtain location based information is in respect to specific time, distance, received signal strength, the time difference of arrival, angle of arrival, time of flight and lifetime related parametric values to locate the position of a particular object.
The dynamics of node localization needs intelligent computational strategies. This implicates the anchor design, placement and configuration are to be given its due attention. Localization algorithms have a wide spectrum. In correlating the localization algorithms to field hockey, WiHoc Ver1.0 uses fixed anchors. Prior to the deliberation of advancing this architecture, we will review the core features of localization.
The methods of localization techniques in WSN can be divided into anchor-based [7] and anchor-free [8] algorithms. Nodes that are aware of their location are called anchor nodes or reference nodes and are sometimes referred to as landmarks as location information is known apriori. This location is obtained either by GPS or by manually using predetermined coordinate (i.e. hockey field grid). However, in the event of having highly vulnerable anchors, the deterministic stipulation of the anchors create ambiguity in its feasibility of sustainability. Thus, anchor free would indeed provide a resolution, enabling the versatility of reconfiguring a new anchor node. In the WiHoc ver 1.0, the system was tailored based on the anchor in view of the strategy board deployment. This research has transcended this optimization constraints to enable the model and simulation of sensors to be those of which are attached on the players. As such, the anchor free tailors the need for the constant and dynamic reconfigurations of the players. The ability to incorporate these into the WiHoc ver1.0 extending it to the WiHoc ver1.0(b) has been accomplished in this research by the incorporation of the theory of network layouts.
Layout in WSN can be defined as the general form of the sensor networks or the position of collaborative sensor motes in the networks. The placement of anchor nodes or landmarks is very important as it gives an enormous impact on the accuracy of the non-anchor motes' position in the sensor networks [9] . The determined optimal layout of anchor nodes or landmarks as shown in Figure 1 [9] . In mapping hockey players on a strategy analysis software to sensor nodes and their respective mobility, the anchor free paradigm is vital. However, as the formation of hockey players are multitudes and their respective location on the hockey field are unique in every sense, the deployments of landmarks into WiHoc is evident. The next section presents the details of the proposed solutions.
IV. PROPOSED SOLUTION.
The WiHoc Ver.1.0 constructed a grid to represent the actual hockey field and was formulated on a scaling factor mapped to the actual measurement. The scaling factor was 1 cm : 1 m before the localization algorithm was deployed. The magnetic component is the manual strategy board was replaced with Cricket sensors. Thus, enabling real-time data to be computed as opposed to the passive and static visualization of conventional strategy board. WiHoc ver.1.0 [6] uses three Cricket sensors as beacons and placed them in the fixed position on the hockey grid.
The WiHoc ver. 1.0 was deployed using an actual test bed. The listener is assumed to replace the player/opponent and was moved in a zigzag motion. A sink was attached to a computer that had the main software to compute the distances generated beacons' RFs and USs. The localization algorithm uses three distances from three beacons to localize the listener.
The enhancement for the WiHoc in this research is explained in the following sections.
A. Proposed Solution to select three anchor nodes in a distributed manner.
The first step is to select the first anchor and that can be done by selecting any one node in the network randomly. The selected node starts the process by finding the most distant node from it is and informs that node that it is set to be the first anchor. Then the first anchor continues the process to select the second anchor node by finding which node is 40 cm away (distant) from it and in a shortest-path manner. The distant which is in this case being 40 cm is variable and it depends on the size of the network.
The second anchor selects the third anchor by finding which node is almost equidistant from it and from the first anchor but that almost equidistant node must satisfy the following rule. The equidistant must ensure that the triangle formed (first, second and third anchor nodes) is a triangle that gives better accuracy and is adopted from [9] .
B. Deployment
There are two scenarios for the first experiment. In the first scenario we setup a topology layout as shown in Figure 2 which is the optimized layout for three anchor nodes. For the second scenario, we setup a random layout for the anchor nodes as shown in Figure 3 .
The goal for this experiment is to investigate the impact of optimal deployment with random deployment of anchor nodes The reading of each measurement in this experiment will be repeated ten times and the average of all the readings is calculated before acquiring the respective results in both a table or graph. 
C. Proposed Solution to Investigate the Impact on Number of Anchor Nodes (3 Anchors vs. 7 Anchors).
The goal of the second experiment is to investigate if there is a significant difference of accuracy in comparison of few anchor nodes with many anchor nodes. We hypothesized that many anchor nodes will achieve higher accuracy in comparison with few anchor nodes. The setup for first scenario in this experiment is to measure the accuracy with only three anchors because a non-anchor node can only determine its position coordinate if it has connection to at least three anchor nodes.
Meanwhile, in the second scenario, we use seven anchor nodes for a non-anchor node to measure its position coordinate. The limitation in this experiment is that we only have eight Cricket motes hardware, therefore the maximum number of anchor nodes (sender) that we can have is seven because one is used for non anchor node (receiver). Figure 5 and 6 show the optimal deployment for three and seven anchor nodes respectively. In this section we describe in detail on how to calculate the accuracy of non-anchor node's position. To get a higher accuracy in the calculation, we collect each reading (coordinate/position) for ten times. For each reading (CR) from the non-anchor node (cricket mote) we will calculate the Standard Deviation error (SD) to the Real Position (RP) coordinate. We can get the RP form from the non-anchor node which we place manually prior to the experiment being carried out. Since we collect ten readings for each setup, the calculation of standard deviation to the real position coordinate also calculated ten times. Then we add all the standard deviation to get the total of standard deviation (totSD) and divided it with ten to get the average of standard deviation (aveSD). This process is repeated for all ten setups. Table 2 displays the results for the acquired aveSD for all ten setups. The cohesive features of localization theory and deployment in WSN have been harnessed in this research for strategic usage in field hockey. The transcending from fixed anchors to exploiting the possibilities of sensors equipping players with location detection abilities has proven to be successful. The multiple formations and mobility of players form a wide spectrum of combinatory relations with the respective sensors.
VI. FUTURE WORK
The integration of energy models into the developed WiHoc is currently being experimented. This would enable the sensors to have an increase of network lifetime.
